Addition of acetylcholine to growing cultures of mouse neuroblastoma cells induced a 37-fold increase in the specific activity of acetylcholinesterase (EC 3.1.1.7). Morphological changes, consisting of neurite-extensions, were also observed during the logarithmic phase of growth of cells stimulated with acetylcholine. A histochemical procedure for localization was also added to growing cells with each medium change 48 and 96 hr after the initial cell plating.
Morphological changes and acetyleholinesterase (EC 3.1.1. 7) activity have been induced in mouse neuroblastoma cells by removal of serum from the growth medium (1, 2) , by addition of inhibitors of DNA synthesis (2) or dibutyryl cyclic AMP (3, 4) , and after x-irradiation of cell cultures (4) . Many of these conditions were reported to retard the cell growth rate.
The present study describes morphological and biochemical differentiation in mouse neuroblastoma cells induced with acetylcholine that are not dependent on reduction of cell growth rate.
MATERIALS AND METHODS
Cells. Mouse neuroblastoma cells used in these experiments were clones derived in our laboratory from clone NB42B isolated by Augusti-Tocco (5) . Clone NB42B was a gift from Gordon Sato, University of California, San Diego. Stock cultures were maintained in 100-mm Falcon tissue culture dishes in Eagle's minimal medium (6) (10 min) , and counter-stained with methyl green.
RESULTS

Acetylcholinesterase activity
The effect of acetylcholine on rapidly growing neuroblastoma cultures and on cells actively differentiating in serum-free medium was determined as described in Methods. Data in Fig. la show that the addition of acetylcholine (final concentration, 5 Addition of acetylcholine (5 mM) to cells in serum-free medium results in a 26-fold increase in enzyme activity over a period of four days (Fig. lb) . This increase represents only a slight enhancement of the 20-fold induction observed in the serum-free control cultures during that period.
Enzyme induction by various concentrations of acetylcholine is illustrated in Fig. 2 . We chose 5 mM acetylcholine for induction of cell differentiation because, at higher concentrations, the rate of cell division was reduced. As shown in A, 5 mM acetylcholine with 10% calf serum; 0, 10% calf serum; A, 5 mM acetylcholine in serum-free medium; 0, serum-free medium.
To exclude the possibility that some degradation products of acetylcholine acted as inducers, sodium acetate and choline chloride were added separately or in combination to neuroblastoma cel cultures in complete medium and were found to be incapable of stimulating acetylcholinesterase (Table 1) .
Histochemical staining for acetylcholinesterase
The histochemical staining method marks sites of enzymatic activity with a granular, reddish-orange precipitate. The appearance of the precipitate was inhibited by eserine (1 ,IM), and no staining was observed with acetylcholine instead of acetylthiocholine as a substrate during the incubation period.
When this staining procedure was applied to neuroblastoma cell cultures left in serum-free medium for 96 hr, only cells having extended neurites (i.e., morphologically differentiated cells) stained positively for acetylcholinesterase (Fig. 4a) . Under these conditions, 80-90% of the cells were morphologically differentiated and stained positively for enzyme activity. A positive staining reaction for acetyicholinesterase is also detected in nongrowing cells in the presence of serum, without addition of acetylcholine to the medium. Induction of the enzyme occurs in the multilayered cells present in the center of a cell coiony (Fig. 4c) . To see if the rate of cell division was reduced in the center of these colonies, a 24-hour pulse of [3H]thymidine was given. Autoradiographs of the colonies showed that the nucleus of most cells incorporated thymidine, except cells in the dense center (Fig. 4d) . This is consistent with previous studies indicating an inverse relationship between rate of cell division and induction of acetylcholin- ogy between these cells and those differentiating in serum-free medium might simply be explained on this basis.
Since acetylcholine acts upon these cells as a neurotransmitter, this brings to mind the possible idea that neurotransmitters under certain circumstances might act as general inducers of enzymes involved in neural transmission. It is possible to speculate that the interaction between acetylcholine and its conventional surface-receptor site might lead to a process of gene induction or derepression. Alternatively, acetylcholine could interact with any number of positive or negative cellular control elements resulting in increases in the specific activity of acetylcholinesterase. Our previous studies (12) indicate that de novo RNA and protein synthesis is required for the observed increase in enzyme activity. If this idea is plausible, then acetylcholine might be expected to induce other enzymes involved in neural transmission in these cells. If acetylcholine is acting as an inducer solely by interaction with the conventional acetylcholine receptor site, then well known antagonists and agonists of these sites should mimic or interfere with the process.
